ABSTRACT
term anesthesia for long term surgical procedures (laparatomy etc.). General anaesthesia in a horse, especially long term anesthesia carries a risk, which is often higher than that of other domestic species. It is therefore important to try and minimize these risks as much as possible when performing any procedure. Problems can be encountered at any stage of the anaesthetic. The general anesthesia can be a challenge on field surgery because there are needs for improvisation of restraining, creating a optimal condition in variable surroundings. Horses should be fasted for 6-12h prior to anesthesia to allow for the reduction of abdominal fill in an effort to limit compression of the diaphragm by the hindgut and decrease ventilation/perfusion mismatching (3). The anesthetic protocol should be divided as premedication, induction, maintenance and recovery phases. For all these phase proper drugs or combination of drugs must be used to proper hypnosis, myorelaxation and analgesia. These combinations usually include an injectable anesthetic (ketamine, propofol), an alpha2 agonist, in combination with benzodiazepines and opioids.
Guaiphenensine is often used as central myorelaxant in TIVA combination (4), but it's not always available. Local anesthesia should be considered and used in every case in order to use lower doses of other drugs.
The aim of this work is to present our experience with a long term and short term total intravenous anesthesia in a horse using a ketamine/xylazine midazolam combination.
MATERIALS AND METHODS
In this paper we are presenting results of anesthesia monitoring of a horse undergoing a surgical remove of abdominal testis (complete abdominal cryptorhid). Sedation of the horse was conducted with xylazine (Xylapan Table 1 ). The general anesthesia was induced using a combination of ketamine 2.2 mg/kg/iv and midazolam 0.1 mg/kg/iv. After induction the horse was restrained and anesthesia was maintained with continuous intravenous drip of a combination of drugs mixed in infusion bottle with midazolam (0.002 mg/kg/min), ketamine (0.03 mg/kg/min) (Ketamidor, Richter pharma), and xylazine (0.016 mg/kg/min) (MKX-combination). The drugs for continuous intravenous drip were prepared in infusion bottle of 500 ml 0,9% NaCl (Hemofarm™, SRB) by adding: 1350 mg ketamine (13.5 ml 10% Ketamidor ® , Richter Pharma, AU), 720 mg xylazine (36 ml 2% Xylapan ® , Vetoquinol, UK) and 90 mg of midazolam (6 ampulae of Dormicum ® , Roche, CH, 1 amp = 3 ml = 15 mg). The infusion rate was set at 6ml/min (120 drops/min in standard infusion drip system). Additional ketamine (0.03 mg/kg) and midazolam 0.03 mg/kg/iv was administered if the horse moved its head or limbs during the procedure. During the time of anesthesia cardiopulmonary parameters and reflexes were monitored continuously, and recorded (Fig. 1, anesthetic  protocol) . These parameters included: pulse rate and quality, breath rate, type and depth, capillary refill time, mucous membranes color, palpebral, corneal, pupilary and anal sphincter reflexes.
The patient was a three years old, 500 kg weighted stallion. A couple days before surgery the stallion underwent a clinical examination which reveal the absence of the left testicle in the scrotum. The clinical examination was conducted in the usual manner in order to asses a health condition and operation risk. The blood parameters (CBC) and general metabolism parameters (serum protein, serum albumin, creatinine) were in normal ranges. Ultrasound examination were conducted in order to asses a position and size of cryptorchid testis, and to prepare the best operative planning. We couldn't identify testicle in inguinal region, and operation plan included a parainguinal laparotomy and manual exploration of abdominal cavity.
RESULTS
After premedication a status of sedation were mild. The horse was standing with head moved down. The horse was moved to a stall bedded with straw with a plastic cover prior to induction of general anesthesia. After induction of general anesthesia the horse was pulled on its side and positioned in dorsal decumbency. The legs of the horse were taught with ropes. The operation field was prepared in usually manner.
The duration of anesthesia was 90 minutes. During this time a cardiopulmonary parameters and reflexes were monitored continuously ( Table 2 ). The mean pulse rate value was 28±1.41/min. The mean breath rate was 8±0.51/min. The pulse was always fully or easily palpable. After induction the type of breathing was costal, and after 10 minutes of maintenance starting switched to diaphragmatic. Capillary refill time (CRT) was 2 sec throughout the procedure. The weak palpebral reflex was present almost continuously, also as corneal reflex. Recovery of anesthesia was 30 minutes and horse stood on first attempt (Table 3) . During the procedure additional ketamine and midazolam were administered because of nystagmus and r movement of head.
DISCUSSION
General anesthesia is mandatory for many surgical procedures in horses which require the patient to be immobile, unaware, and without pain. They frequently can be a challenge in the field because there are many obstacles and effort must be made to provide adequate bedding, positioning, light, aseptic conditions, etc. There are three major components of general anesthesia which must be achieved: hypnosis, analgesia and muscle relaxation. Numerous of drugs can be used to achieve these demands. Many of drugs can produce cardiovascular and pulmonary depression. These must be considered in field surgery where intubation and mechanical ventilation, and oxygen supplementation are not available. In the described case cardiovascular and pulmonary depression were minimal. The horse spontaneously breathed throughout the procedure, and pulse rate was Pulse  28 34 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28   Pulse quality  3  3  3  3  3  3  3  3  3  3  3  2  2  2  2  2  3  3 Breath Many other combinations of drugs can be used for achieving TIVA at horses. Muir (5) investigated the quality of four combinations of drugs and found that the quality of induction, muscle relaxation and analgesia was not significantly different among groups, but thiopental/ketamine/detomidine combination had a poorer recovery from anesthesia, often requiring assistance to stand. In our case the first movement after turning off infusion was marked at fourth minutes after, and the first movement of head and neck was observed at 5 minutes. The first attempt to stand was at 30 minutes, and the horse stood at 40 minutes and walked without assistance after 45 minutes.
The major complications encountered during equine field anesthesia are hypoxemia and postanesthetic myopathies and neuropathies. Careful attention should be given to protecting pressure points over the shoulders and or hips, and when possible, padding should be placed under these areas (2) . In our case we used straw bales for bedding, covered with plastic overlap to provide a comfort level as much as possible.
CONCLUSION
Total intravenous anesthesia of horses can be achieved using a combination midazolam, ketamine, and xylazine. This combination can be used for short term, middle term and long lasting surgical procedures in on field surgery, and causing minimal cardiovascular and pulmonary depression.
